The Bor metallogenic zone is one of the most important metallogenic units in the Republic of Serbia. Volcanic processes in this unit are characterized by the domination of extrusive volcanic activity, and the change of depositional environment during the numerous volcanic cycles, as well as facial transitions and huge deposition of syn-and post eruptive resedimented volcanoclastics. The predominant metals in the Bor metallogenic zone are copper and gold, accompanied by iron, base-metals, silver, molybdenum, and minor platinumgroup elements. The most prominent morphogenetic types of deposit comprise porphyry copper-gold, cupriferous pyrite, massive base-metal sulphides and hydrothermal veins, iron oxides skarns, carbonate replacement polymetallic deposits, volcanogenic epithermal gold mineralization of the high sulphidation type, and exceptionally rare clasts of copper sulphide ore mechanically accumulated in small sedimentary basins filled by pyroclastics.
INTRODUCTION
The Bor metallogenic zone senso stricto belongs to the BorSrednogorie metallogenic zone which is a part of the Tethyan Eurasian Metallogenic Belt (TEMB) (JANKOVIĆ, 1976) . This the Alpine-Balkan-Carpathian-Dinaride geodynamic province (ABCD) is a part of the Alpine-Himalayan orogenic system that extends from Western Europe to South East Asia (HEINRICH & NEUBAUER, 2002; SCHMID et al., 2008) . The orogen resulted from the convergence and collision of the Indian, Arabian, and African plates with the Eurasian craton, initiated in the Middle Jurassic, through the Cretaceous time, and continuing until the present (BOROJEVIĆ ŠOŠTARIĆ et al., 2014; PALINKAŠ et al., 2008) . The structural setting of the region reflects large-scale oroclinal bending during post-collision tectonics throughout the Tertiary including major transcurrent fault systems with an overall dextral displacement in excess of 100 km (KRÄUTNER & KRSTIĆ, 2002) .
The most significant segment of the TEMB economically comprises the Upper Cretaceous subduction related magmatic rocks and mineral deposits, referred to as the Banatitic Magmatic and Metallogenic Belt (BMMB) (BERZA et al., 1998) or the Apuseni-Banat-Timok-Srednogorie Belt (ZIMMER-MAN et al., 2008) . The BMMB intrusives and dominant extrusive rocks were emplaced during a 30-million-year period from ~90 Ma to 60 Ma and may have been the result of complex tectonic and magmatic emplacement melting.
The Bor-Srednegorie metallogenic zone as a part of the Carpatho-Balkan metallogenic province extends from Lilieci -Linbcova and Bozovici in the north, over Bor to Burgas, proceeding into the Black sea and Tracia in Turkey (JANKOVIĆ, 1980 (JANKOVIĆ, , 1990 (JANKOVIĆ, , 1997 . It is over 600 km long and up to 20 km wide (JANKOVIĆ et al., 2003) .
The easternmost magmatic complex in the Serbian part of the belt is the Timok Magmatic Complex (TMC) (BANJEŠEVIĆ, 2006) . Volcanic processes in the TMC are characterized by the predominance of extrusive volcanic facies, and the change of depositional environment during the volcanic cycle, as well as facial transitions and heavy deposition of syn-and post eruptive resedimented volcanoclastics. Magmatic activity generally progresses from east to west. Magmatism lasted continuously for 10 Ma starting in the Upper Turonian (the oldest andesitic rock is 89 Ma) till Upper Campanian (CLARK & ULLRICH, 2004) . The age of the Valja Strž plutonites is 78 Ma (BANJEŠEVIĆ, 2006) .
Copper and gold/silver, accompanied by iron (sulphide, oxide) and base-metals, molybdenum, sporadically PGE, are the predominant metals in the Bor metallogenic zone. The most prominent morphogenetic types of deposits are porphyry copper / gold, cupiferous pyrite, massive base-metal sulphides, and hydrothermal veins, skarns of iron oxides, skarns of leadzinc sulphides, volcanogenic epithermal gold mineralization of high sulphidation type, and exceptionally clasts of copper sulphide ore mechanically accumulated in the small sedimentary basin infilled with pyroclastics.
The ore deposits are grouped into several ore fields and districts, each characterized by some specific genetic features.
UPPER CRETACEOUS MAGMATIC SUITES OF THE TIMOK MAGMATIC COMPLEX
In the Bor metallogenic zone the volcano-intrusive complexes are represented by volcanic, volcano-sedimentary and plutonic rocks (Fig. 1) . They derived from subcrustal, contaminated magma(s), as have been suggested by KARAMATA & DJORDJEVIĆ (1980) . The 87 Sr/ 86 Sr ratio ranges from 0.707 to 0.712. The calc-alkaline series is prevalent with respect to tholeiite rocks. Volcanic rocks formed within three stages during the Upper Cretaceous. They are of andesitic composition, while dacite occurs sporadically. The plutonic granitoids correspond to composite complexes (from gabbro to diorite, monzonite and granodiorite).
In this zone we can recognize:
Timok andesite (AT) -The Timok andesites, predominantly amphibole andesite and high potassium trachyandesites, occur in the eastern parts of the TMC, where they overlie Cenomanian and Turonian sediments (DROVENIK, 1959; ĐORĐEVIĆ & BANJEŠEVIĆ, 1997; LJUBOVIĆ-OBRADOVIĆ et al., 2011 , BANJEŠEVIĆ, 2015 . They are covered by Senonian sediments (Oštrelj sediments and Bor clastites) and the Metovnica epiclastite (BANJEŠEVIĆ, 2015) . Amphibole andesites and trachyandesites characterized by high potassium predominate.
According to their lithological, volcanological and petrographic characteristics (BANJEŠEVIĆ, 2010), the andesites are distinguished into the following facies: lava flows (coherent and autoclastic), shallow intrusions (lava domes, dykes and sills) and various volcaniclastic rocks. Volcanic activity was predominantly subterrestrial in an earlier volcanic phase and subaerial to submarine in a later volcanic phase.
High precision U/Pb zircon and 40 Ar/ 39 Ar dating, confirms ages from 89.0±0.6 to 84.26±0.67 Ma (Upper Turonian to Upper Santonian).
Metovnica epiclastite (EM) -
The Metovnica epiclastite developed in the eastern part of the TMC in a shallow marine environment, infilling rough volcanic bedrock topography (ĐORĐEVIĆ & BANJEŠEVIĆ, 1997 , ĐORĐEVIĆ, 2005 . The rocks are coarse-to fine-grained, massive, coarsely banded, sometimes even laminated. They are composed of texturally and structurally different fragments deriving from different volcanic facies of the Timok andesite. The dominant type of transport processes are debris to grain flows. The EM are often interbedded with the Oštrelj sediments. Sometimes, the rocks contain a very well preserved ConiacianCampanian microfauna (ĐORĐEVIĆ & BANJEŠEVIĆ, 1997; ĐORĐEVIĆ, 2005) .
Osnić basaltic andesite (AO) and Ježevica andesite (AJ) -
The rock suite corresponding to andesite -basaltic andesite of calc-alkaline to tholeiitic character can be distinguished among the Senonian volcanic rocks of the TMC. The first group includes pyroxene basaltic andesite (AO), while the second group comprises amphibole andesite (AJ). Both rock suites are located in the central and western parts of the TMC and are sometimes closely associated. These volcanic rocks are both underlain and overlain by Oštrelj sediments or the Vrbovac reef, respectively (BANJEŠEVIĆ, 2015) .
The amphibole andesites are most frequently massive rocks. The chemical composition of the minerals is very simi lar to the pyroxene-bearing varieties, except that the plagioclases are more basic in the latter.
The volcanic rocks predominantly occur as lava flow facies (autobreccias and hyaloclastic breccias) and resedimented volcaniclastic deposits. Lava flow facies are up to several metres thick, while their length reaches several hundred metres.
The resedimented volcanoclastites are mostly stratified volcaniclastic rocks, psammitic to psephitic, of different origins and types of transport. Volcanic activity is predominantly effusive, rarely explosive. Eruptions are linear and mostly, randomly distributed, initiating the formation of volcanic islands. Volcanism took place terrestrially as well as in a submarine environment.
The U/Pb zircon dating of AO and AJ suggests ages ranging between 80.8 to 82.27±0.35 Ma confirming a SantonianLower Campanian age KOLB et al., 2013) .
Valja Strž plutonite (PVS) -
The plutonite occur at the western margin of the TMC. The rocks are grey to dark-grey in colour, of hypidiomorphic granular texture and massive structure, sometimes showing rectangular jointing (MAJER, 1953) . They range in composition from monzodiorite and monzonite to diorite, Q-diorite, granodiorite, syenite and rare gabbro. This hypabyssal rock intruded into AO and AJ. According to U/Pb zircon analysis, the age of the Valja Strž plutonite is 78.62±0.44 Ma, (Upper Campanian), determined by von QUADT et al. (2002) .
Boljevac latite (LB) -Numerous latitic dykes occur along the western border of the TMC. These rocks cross-cut the AO and the AJ. They appear in the form of shallow intrusions (dykes, sills and veins), seldom as lava flows. They are usually small masses, up to several tens of metres long and 3 to 4 metres thick. The rocks are dark-grey, showing very distinctive textures characterized by large, elongated phenocrysts of plagioclase and potassium feldspar, which sometimes exhibit fluid orientations. The texture is fine-grained, very fine-grained or hypocrystalline porphyrithic with a microcrystalline, intersertal and pilotaxitic groundmass. The latites consist of plagioclase, potassium feldspar, clinopyroxene and various accessory minerals (MILOVANOVIĆ et al., 2005) . The latite cross-cut the AO and AJ, however their age is poorly constrained.
Hydrothermal alteration zones are significant characteristics of the Timok magmatic complex. They occupy an area of about 164 km 2 and represent one of the most important geological criteria in prospecting and exploration of copper and gold mineralization (Fig. 2) .
Very frequently hydrothermal alterations (potassicquartz, potassium feldspar, biotite, anhydrite; phyllicquartz, sericite, pyrite; argillic -quartz, kaolinite, alunite, zunite, neobiotite; propylitic -chlorite, epidote, carbonate) show zonality, the intensity of which weakens with distance from the porphyry intrusions. Argillic and propylitic alterations are located in the peripheral part of hydrothermally altered and mineralized zones.
Predominant hydrothermal alterations are silicification and pyritization, accompanied by chloritization and less frequently argillization. They are not always ore-bearing and their formation is related partly to the action of volcanic vapours and gases and is not accompanied by hydrothermal solutions. Hydrothermally altered rocks, containing mineralization, are usually of small dimensions and show an increased content of the main (Cu, Au) and accompanying (Ag, Mo) elements.
METALLIC MINERAL RESOURCES OF THE BOR METALLOGENIC ZONE
There are 22 registered metallic mineral deposits and 96 significant mineral occurrences within the Bor metallogenic zone. All of them are located in 5 ore districts including 10 ore fields and 3 separate groups of mineral occurrences (Fig. 2) .
Base metals (Cu, Pb-Zn), precious metals (Au, Ag) and some other metals (Fe), have been more thoroughly explored and their resources have been augmented, so that they still represent, in spite of numerous problems attending their exploitation, the potential for development for Serbia. The metallic mineral resources of the Bor metallogenic zone are grouped as follows: a) Metallic mineral resources with economically significant reserves, which are currently being exploited, are already provided with processing capacities, and which continue to be the basis of the industrial development of the country. The basic characteristics of these deposits are predominantly low metal content and substantial ore potential. Currently 4 Cu deposits are in operation: Majdanpek, Veliki Krivelj, Bor system and Cerovo. b) Identified mineral resources, which are beings exploited, or mineral resources occurring in minor quantities, sufficient for short periods of production (e.g. Čoka Marin etc). c) Potentially significant, partially defined metallic mineral resources, the value of which depends on technical-economic parameters (Au mineral deposits: Korkan, Bigar Hill and others; Cu deposits: Mali Krivelj and others).
d) Mineral resources likely to be found in the Bor metallogenic zone. The metallogenic analyses and up-to-date geological exploration undertaken show that new resources of copper and gold are located in Serbia (porphyry copper-gold and related epithermal Cu-Au deposits /Čukaru Peki deposit, and sediment-hosted gold deposits).
STYLES OF ORE MINERALIZATION, ASSOCIATIONS OF MINERALS AND ELEMENTS
The Bor metallogenic zone and adjacent segments host a range of endogene mineral deposits. The most significant are: porphyry Cu-Au deposits and related high sulphidation CuAu mineralization, skarn and contact-replacement deposits (Fe, Pb-Zn, Cu-Au etc), vein deposits (Cu, Cu-Au), mechanically redeposited Cu-Au deposits and sediment-hosted deposits (Fig. 3 ).
According to morphogenetic types and mineral paragenesis, one can differentiate the following groups of deposits (Table 1).
The associations of elements concentrated in the previously mentioned ore deposits include: a) major elements: Cu, Au, Mo, Fe (py) ± Pb-Zn; b) trace elements, recoverable: Se, PGE, Ag, Cd and c) trace elements, unrecoverable: W, Sn, Bi, Sb, As, (Ba). The principal associations of elements are classified as follows: a) Cu, Au, Mo ± Ag, PGE (porphyry copper); b) Cu, Pb/Zn, Fe (py), Au/Ag ± Se, Bi, Sb (massive sulphide); c) Cu, Au, Fe (py), As ± W, Sn, Se, Sb (cupriferous massive sulphide/replacement); d) Fe-S (massive pyrite); e) Cu, Fe (py) ± Mo, Bi, W and Pb-Zn-Ag ± Cu-Au (skarn); f) sediment-hosted: Au, Fe.
THE PRESENT STATE OF THE SELECTED METALLIC MINERAL RESOURCES
The most significant metallic mineral resources of the Bor metallogenic zone are copper, gold, lead-zinc and iron.
COPPER MINERAL RESOURCES
Copper mineral resources of the Bor metallogenic zone are classified as follows: a) porphyry Cu and Cu-Au, b) hydrothermal volcanic mineral resources of copper-bearing pyrites, c) volcanogenic polymetallic hydrothermal mineral resources of Cu-Pb-Zn massive sulphides, d) polymetallic Cu-Pb-Zn mineral resources with a high contribution of gold, e) skarn mineralization and f) mechanically redeposited Cu-Au mineral resources.
Porphyry copper deposits (PCD) contain the highest concentrations of copper and gold and show common characteristics corresponding to a general model of porphyry copper systems. The differences and unique features exhibited by individual deposits reflect local variability. Ore mineralization is confined to shallow emplacement of porphyritic dykes (quartz diorite, granodiorite and/or monzonite porphyritic). The spatial relationship of the plutonic intrusion and porphyry copper mineralization is either evident (Crni Vrh) or assumed on the grounds of the development of porphyry dyke suites (Majdanpek, Borska reka, Veliki Krivelj).
Porphyry copper deposits are classified as follows: a) PCD related to diorite porphyry cluster (Valja Strž); b) PCD related to high-level dyke swarms above the plutonic body (Veliki Krivelj), c) PCD associated with high sulphidation massive sulphides (subvolcanic type, Bor-Borska reka) and d) PCD controlled by fault structures with subvolcanic intrusions of Upper Cretaceous andesites and hypabisal intrusions of granodiorite porphyrites, diorite porphyrites and, locally, granodiorites.
PCDs related to diorite porphyry cluster are located in the western part of the TMC. Ore mineralization is hosted by andesites and the Valja Strž granitoid complex which composition changes from monzonite granitoids up to diorites. Hydrothermal alteration of andesites and granitoids are characterized by biotitization, silicification and pyritization, partly by kaolinization and epidotization. Porphyry copper mineralization has been formed most probably in one stage and it corresponds to the ortogenetic model of porphyry copper mineralization. Valja Strž, Dumitru Potok, Dumitru Potok East and Čoka Rakita porphyry Au-Cu deposit belong to this group of porphyry copper deposits and mineral occurrences (Fig. 4) .
PCD formed in the domain of dyke systems above magmatic complexes are localized in hydrothermally altered Upper Cretaceous andesites and pyroclastites as well as in volcano-sedimentary rocks, which were penetrated by numerous quartz-diorite porphyry (Veliki Krivelj deposit) (Fig. 5) . The copper-bearing mineralization also comprises previously formed skarns and quartz-diorite-porphyry and andesite dykes. Facies of hydrothermal alterations comprise biotitization which laterally changes into seritization, silicification and pyritization in the rim parts of the ore bodies. In the deeper parts of deposits, there is also a local distribution of intensive sulphatization. Mineral associations comprise chalcopyrite, pyrite, scarcely molybdenite (50-150 ppm), pyrrhotite, magnetite, haematite, traces of enargite, galena and sphalerite. Gangue minerals are quartz and less often calcite, barite, siderite, while fluorite may be observed only in exceptional cases.
A specific subtype of the previously described mineralization is located in the Cerovo -Mali Krivelj ore field (Fig. 6) . The clearly expressed relationship of the ore mineralizations with quartzdiorite porphyry dykes in the Veliki Krivelj deposit is not confirmed in this case. The geological setting of the ore zone is a complex one. It is composed of Lower Cretaceous sediments, hydrothermally altered intrusive rocks and a volcano-sedimentary series.
Intensive kaolinization and pyritization are frequently accompanied by silicification. The majority of deposits show mutually separated characteristic zones: a) oxidation zone, and b) secondary sulphide enrichment zone. Dominant minerals are chalcocite and covellite. Chalcocite formed from chalcopyrite and pyrite, then covellite which frequently occurs with chalcocite but is less distributed and mainly formed by pseudomorphosis after chalcopyrite, pyrite and magnetite. Molybdenite, sphalerite and galena are rare.
PCD associated with high sulphidation system of massive sulphide mineralization is recognized in the Bor copper-gold deposits (i.e. Bor system). Along a subvertical volcanic structure, the length of which exceeds 2 km, porphyry copper mineralization is localized at depth (i.e. the Borska reka deposit), and above is well-developed high sulphidation system involving cupriferous pyrite ore (Fig. 7) .
Porphyry copper mineralization is related to hydrothermally altered hornblende-biotite andesite and their pyroclastites intruded by quartz diorite porphyry dykes. Mineralization is associated with potassium silicate alteration, neobiotite, diaspore, gypsum, anhydrite, alunite and to a propylitic assemblage with widespread illite and chlorite. In the uppermost parts of the Borska Reka deposit, advanced argillic alteration coupled with intense pervasive silicification, marks upwards grading into a transition zone of previously developed high sulphidation mineralization.
Fault structures in the Borska reka deposit are the most prominent structural forms. The extensive dislocation of a NW-SE strike, known as the Bor fault, have brought the volcanoclastites into contact with the Bor conglomerates. The E-W striking faults that cross-cut the Bor fault have also been recorded. Fractures and fissures, mainly filled with alteration products and sulphide minerals, are widespread within the deposit.
The mineral composition of porphyry copper mineralization is complex: the main components are magnetite (1%), haematite, rutile, pyrite, chalcopyrite, bornite, molybdenite, covellite, chalcocite and digenite. The most extensive are pyrite and chalcopyrite, subsidiary bornite, chalcocite and covellite, while other minerals occur included in pyrite. Oxides of titanium and iron are accessory components of the host rocks. The gold content in the shallow parts of the deposit is higher (0.7 -1.0 g/t) than in the deeper parts (~0.25 g/t).
PCD related to fault structures together with massive pyrite, and Pb-Zn sulphides are rare in the Bor metallogenic zone (Majdanpek deposit, Fig. 8 ). It is formed along a very narrow (only 300 m wide) and elongated 5 km long fault zone in which andesites and dykes of quartzdiorite porphyry are wedged at the contact of the Jurassic and Cretaceous limestones and Cambrian gneisses and amphibolites. The Majdanpek deposit consists of several types of mineralization formed in multistage processes: dominant porphyry copper-gold mineralization with molybdenite, massive sulphide, pyrite bodies, skarn magnetite and hydrothermal Pb-Zn sulphides in the form of massive-metasomatic bodies and ore veins.
Hydrothermal volcanic deposits of copper bearing pyrite
(or, volcanogenic cupriferous pyrite deposits) are localized in andesites. The advanced argillite alteration prevails, and the mineralization suggests ore deposition under a high sulphur fugacity. The predominant metals and metalloids are Cu, Au, Fe and As. The W, Sn and Se mineralizations have also been recorded. Ore bodies of massive sulphides and stockworkdisseminated type of mineralization in the Bor deposit, and in the Brestovac ore field (Čukaru Peki Cu-Au deposit) belong to this type of ore deposit (Fig. 9 ).
The genetic model of mineralization in both deposits is very similar. It includes different styles of porphyry Cu-Au and high epithermal mineralization (Fig. 10) .
The mineralization identified at the Čukaru Peki deposit belongs to the epithermal and porphyry copper-gold types (BANJEŠEVIĆ & LARGE, 2014) . It occurs at depths between 400 m below the surface to greater than 2 km. The host rocks are Upper Cretaceous hornblende and hornblende biotite andesites, andesite breccias, hydrothermal breccia, and relatively rare diorite porphyry.
Three styles of mineralization are defined at Čukaru Peki: 1) High sulphidation type, comprising Cu-Au massive-sulphide, veins, stockwork and hydrothermal breccia matrix sulphide. This type of mineralization forms a single zone at depths ranging from 400 to over 1000 m below the surface. The predominant sulphides are covellite with bornite, enargite and chalcocite. Dominant alteration mineralogy is typical advanced argillic, including quartz, alunite, dickite and kaolinite.
2) Porphyry type of mineralization in the deeper parts of the Čukaru Peki deposit, at depths greater than about 1000 m. It consists of chalcopyrite and pyrite, with rare molybdenite. Anhydrite veins are commonly associated with this type of mineralization. Locally-developed argillic alteration (dominated by kaolinite and/or montmorillonite) variably overprints both high-sulphidation and porphyry-style alteration.
3) Transitional epithermal zone located between the high sulphidation and porphyry Cu-Au mineralization. It comprises covellite and enargite replacing the primary sulphide (chalcopyrite) in porphyry Cu-Au mineralization, and is associated with gypsum, anhydrite, calcite that is typical of the high sulphidation zone.
Based on preliminary observations, it is believed that the massive sulphide type of mineralization contains > 10 Mt of ore with > 5% Cu, which corresponds to the amount of ore and copper content exploited from Bor deposits in the period 1902-1941 (Čoka Dulkan ore body -12 million tonnes of ore with 5.6% Cu and 2.6 g/t Au). Preliminarily estimation of mineral resources in the massive-sulphide type mineralization amounts to approximately 45 million tonnes of ore with 3% Cu and about 1.4 Mt of copper metal. Total mineral resources of copper could amount to between 500 and 1000 million tonnes. In this way, the newly-found copper and gold deposits Čukaru Peki, can be compared with the Bor Cu-Au complex, ranking highly on the world's deposit scale (RESERVOIR MINE-RALS, 2014) 3 .
Volcanogenic polymetallic hydrothermal deposits of massive sulphides (Cu-Pb-Zn) with high gold content is formed in Upper Cretaceous volcanites under conditions of highly sulphidizing systems (Čoka Marin deposit, ŽIVKOVIĆ, 1987) . It is located in a volcano-sedimentary series between pelites with disseminated haematite and with the intercalation of tuffs and volcanic breccia in the hanging wall and hydrothermally altered andesites and andesite breccia in the footwall. Ore bodies are in a form of elongated lenses which by its morphology are reminiscent of a stratiform type of deposit (Fig. 11) . The mineral association consists of pyrite, gel-pyrite, limited pyrrhotite, marcasite, enargite, luzonite, chalcopyrite, scarcely bornite, sphalerite, galena and Pb-Zn sulphosalts. Gold is a very significant component of this ore mineralization, in the form of native gold or bound to sulphides. Stannine, cassiterite and bravoite occur locally as a component part of the mineral paragenesis. A significant part of the mineral paragenesis originates from colloid solutions. Gangue minerals are quartz, a limited quantity of barite, anhydrites, siderite, calcite and in exceptional cases fluorite. Country rock alterations are characterized by advanced argillite alterations (alunite, diaspore, sericite) and widespread silicification, pyritization and chloritization (ŽIVKOVIĆ, 1987) . The ore mineralization contains 1-3% Cu, 5-8% Zn and up to 1% Pb, while the Au content is 5-10 g/t, locally over 20 g/t.
Copper skarn (contact replacement) ore-bearing zones include: 1) Veliki Krš zone and 2) Beljevina zone. Veliki Krš, 750 m long ore-bearing zone, includes several small ore bodies (1-8 m in width). Dominant minerals are pyrrhotite, chalcopyrite, bornite, sphalerite, molybdenite, pyrite, chalcocite, galena etc. Beljavina is a zone 600 m long and 20-12 m in width and includes the Beljanica deposit and several small mineral occurrences with the same mineral composition. The copper content varies from 0.44-0.94%.
Mechanically redeposited Cu-Au mineral resources. The Novo Okno ore deposit belongs to this type of mineralization; its ore reserves are 2 250 000 tons, average copper concentration 4.85% (JANKOVIĆ et al., 2003) . Ore-clasts are formed by the explosive destruction of the primary massive copper sulphide deposits of the Bor deposits, their ejection onto the surface and gravity slides down the volcanic land-slopes into a marine basin (ANTONIJEVIĆ, 2011). There are also some occurrences of ore-clasts near Metovnica and north of Bor town (Čoka Bare, Ujova).
GOLD MINERAL RESOURCES
Gold mineral resources of the Bor metallogenic zone are widely distributed. Gold is present as an accompanying component in porphyry copper deposits and as an epithermal, high-sulphidization type, low sulphidization type and sediment-hosted gold mineralization type (KOŽELJ, 2002) .
High-sulphidation epithermal gold mineralization comprises deposits and occurrences in which gold is a leading constituent of the mineralization (Čoka Kupijatra and Tilva Njagra) as well as deposits in which gold is an accompanying, but very significant mineralization component (hydrothermal volcanic copper deposits -ore bodies of massive sulphides in the upper part of Bor deposit, then Čoka Kuruga, Lipa, as well as polymetallic deposits Cu, Pb, Zn of the type Čoka Marin type).
Low sulphidization epithermal gold mineralization is known in the area of Zlaće-Crvena Reka as an independent mineralization system, accompanying porphyry copper deposits which are localized in high-plutonic levels where numerous dykes occur (deposit Veliki Krivelj, Cerova) and as the youngest mineralization stage in porphyry copper deposits (e.g., the Majdanpek deposit).
Sediment-hosted gold mineralization is located along the western margin of the TMC (the Potaj Čuka -Tisnica ore district, i.e. Bigar Hill, Kraku Pešter and Korkan deposits). The district, as currently defined, is at least 25 km in length and up to 10 km wide. Gold mineralization is associated with a complex geological and structural sequence of limestone/ marble, calc-silicate hornfels, biotite-magnetite hornfels, monzonite, diorite dykes, andesitic volcanic and volcaniclastic rocks, schists and tuffaceous sedimentary rocks. The mine ralized area is extensively faulted and intruded by numerous diorite and monzonite complexes with associated thermally metamorphosed aureoles, indicating the potential for sufficient permeability and the rheologic contrast for fluid The gold mineralization appears to be associated with fine-grained pyrite (sulphidation reaction) and with alteration zones including kaolinitization, decarbonatization of calcareous sedimentary rock and occasionally silicification.
The gold mineralization is mostly hosted within a favourable sedimentary package which is underlain by Jurassic and Lower Cretaceous limestones (KLS limestone) and consists predominantly of calcareous sandstones and conglomerates which include an interbedded fine-grained sandstone and clay-rich siltstone unit. The upper portion of the target stratigraphy consists of 'red' sandstones and volcanic-lithic clastics (S2 red sandstones) which are in turn overlain by calcareous marls, andesitic volcanics and derivative clastic rocks, which represent the youngest portion of the stratigraphy.
LEAD-ZINC MINERAL RESOURCES
According to mineral associations and conditions of formation, lead-zinc mineral resources of the Bor metallogenic zone can be classified as follows: a) skarn / carbonate replacement type (Pb, Zn, Ag sulphide) mineral resources, b) mineral resources of vein Pb-Zn sulphide type and c) mineral resources of massive Pb-Zn sulphides, of volcanic origin. All of them are mainly of small dimensions, but locally may be of economic interest.
Skarn Pb-Zn and carbonate replacement polymetallic (Au, Ag, Pb, Zn, As) deposits rarely occur. The Valja Saka skarn deposit formed in a small limestone block close to the Valja Strž granitoide complex. The mineral paragenesis includes galena and sphalerite as the dominant minerals. Estimated ore reserves are 500 000 tons with 2.1% Pb, 1.85% Zn and 0.21% Cu. Korkan East occurrences are located in the deeper part of the Korkan Au deposit, in the contact zone between the limestones and andesites of the TMC. The gold and base metal mineralized rocks at Korkan East show characteristic features of carbonate replacement deposits. It comprises a polymetallic style of mineralization, containing elevated levels of gold, silver, lead, zinc, and arsenic.
Hydrothermal vein deposits of lead-zinc sulphides are relatively frequent in the Bor metallogenic zone senso stricto, but are not economically viable. Thickness of ore veins is most frequently between 0.2-1 m. Along the strike they quickly narrow. Ore viens are localized usually in andesites, as independent ore bodies, or they are formed in certain copper deposits usually in the last stage of mineralization. The latter is the case with the porphyry copper deposits of Majdanpek and Borski potok, where copper-bearing mineralization is cross-cut by hydrothermal veins of lead-zinc sulphides.
Ore deposits of massive lead-zinc sulphides are rare in the Bor metallogenic zone. It is located on the rim of porphyry Cu-Au mineralization in North district of Majdanpek deposit (type: Tenka, Fig. 13 ).
Tenka deposit is formed at the contact of Jurassic limestones and Upper Cretaceous subvolcanic intrusions of andesites. These are typical metasomatic bodies that occurred along the steep breaking zone so that ore bodies are in the form of steep columns and morphologically complex ore veins, with additional local lenses and isometric ore bodies.
Dimensions The mineral paragenesis comprises pyrite as the most dominant mineral, then sphalerite, galena, chalcopyrite, scarcely enargite and luzonite, pyrrhotite, tetrahedrite, rarely bornite. Gold occurs as its native form but also bound to sulphides. Copper, lead and zinc are irregularly distributed in the ore bodies. The mineral potential of the Tenka deposit has been estimated as 4 million tons of ore with 0.5 % Cu, 1.1 % Pb, 4.4% Zn, 1.3 g/t Au and 28 g/t Ag.
Besides the Tenka deposit, polymetallic mineralization (Cu, Zn, Pb with gold), closely related to pyrite ore bodies, is also known in the Dolovi locality in the Southern district of the Majdanpek deposit. 
IRON MINERAL RESOURCES
Iron mineral resources belong to groups of: a) skarn mineralization and b) limonite ore bodies in relation to porphyry copper deposits. Skarn iron (magnetite) mineralization is located in two main zones: 1) Žagubica zone and 2) Majdanpek zone.
In the Žagubica ore-bearing zone (i.e. Frasen-Biger potokUmka zone) where small occurrences Potaj Čuka and Umka are located, the Ca-skarn mineralized zone covers 5 km 2 (15 km x 0.5-3 km). Ore bodies are in the form of nests and lenses composed of compact magnetite ores. Magnetite ore from Potoj Čuka contains 59.2% Fe, 4.1% SiO 2 , 0.05% P and 0.06% S. Magnetite ore from the Umka zone (cover 2 km 2 ), contains 64.6% Fe, 4.5% SiO 2 , 0.06% P and 0.05% S.
The Majdanpek ore-bearing zone contains several small compact magnetite ore bodies in the form of nests and lenses with 58.7% Fe, 4.0% SiO 2 , 0.07% P and 0.05% S.
Limonite ore bodies are located in the Majdanpek ore deposit. They were formed as a result of the oxidation of pyrite ore bodies. The biggest one is the Blašard ore body. Indicated mineral resources of limonite are 2 Mt with 45% Fe, 0.4% Cu, 0.1-1.3% Zn and 0.1-0.5% Pb.
MINERAL RESOURCES AND MINERAL RESERVES
Mine production from copper-gold mineral deposits of the TMC from 1902 to the present day was 652 Mt of ore with 4.93 Mt of Cu and 280 tons of gold. Today, officially confirmed, measured and indicated copper and gold resources in the identified ore bodies are 8.57 Mt of Cu and 310 tons of gold. Inferred copper resources are 3.92 Mt of Cu and 156 t of gold (Table 2) . In this way, the Bor metallogenic zone according to copper and gold resources represents one of the most important metallogenic units in Serbia.
Prognostic mineral resources of the Bor metallogenic zone are estimated at over 20 millions of tons of copper and 1,000 tons of gold in currently identified ore bodies.
CONCLUSION
During more than 100 years of exploration it was established that cooper and gold mineralization are not uniformly distributed in the TMC. The most significant deposits are located in its northern part, between Majdanpek and Bučje. In the northern extension of the TMC, where the trough structure continues into a fault to the Danube and Romania, and in the southern extension in the Nevlje-Borov dol area (SerbianBulgarian border), copper-gold mineralization was identified but not systematically explored. The probability for new copper and gold deposit discoveries in these areas is considerably lower when compared to the Bor metallogenic zone senso stricto.
Judging by the vertical interval of copper-gold mineralization observed in the of existing mineral deposits in the Bor metallogenic zone the possibilities for discovering new copper and gold mineral resources, are at depth (Fig. 14) . This supports the earlier mentioned discovery of copper-gold mine ralization in the Brestovac ore field and in the deeper part of the Borska reka porphyry copper deposit in the Bor system. It is important to say that in the past the largest number of copper and gold deposits was investigated in detail only to the level of -100 m.
On the other hand, there is recently defined, previously unrecognized sediment-hosted type of gold mineralizations located along the western margin of the Timok magmatic complex. They share many common geological characteristics with the Carlin-type gold deposits in Nevada, USA, including the characteristics of the sedimentary host and the metal association (Au, As, Hg, Tl, Sb, and base metals). The fine-grained nature of the gold, the high gold to silver ratio and alteration types, including argillization, decarbonization and locally additions of quartz, speaks in favour of the necessity for new investments in geological exploration of this type of mineralization. The presently identified resources of gold in this type of mineralization represent more than 30% of the previously known quantities of gold in porphyry and other Cu-Au deposits in the Timok magmatic complex. According to the presented results of geological exploration, an additional significant gold mineralization is associated with carbonate replacement deposits composed of arsenopyrite, sphalerite and galena (Korkan East). The link between the replacement deposit at Korkan East and the nearby lower temperature sediment-hosted gold is unclear. 
